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ABSTRACT: Oxygen consumption in Oreochromis mossambicus, Peters (3-60 gin weight) was measured under 
different stress conditions at a constant temperature of 20±1 °C. The rate of oxygen consumption was significantly 
higher (0.170 ml g-1h-1) at a salinity of30x10-3 compared with that (0.132 ml g-1h-1) in freshwater. The oxygen 
consumption was also found to be affected by changes in pH. Weight specific rate decreased significantly from 
0.113 to 0.045 ml g-1h-1 with increasing body weight. A positive correlation was recorded between availability of 
dissolved oxygen and the rate of oxygen consumption by the fish. While copper sulphate and malachite green 
inhibited the respiratory metabolism, formaldehyde treatment raised it from 0. 088 to 0.118 ml g-1h-1 
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INTRODUCTION 
Fishes of the tribe Tilapi~ni (Cichlidae), commonly known as "tilapia", have been 
receiving much attention in recent years as they have become an important source of 
protein in tropical and subtropical countries. In India, tilapia is found mostly in lakes, 
rivers and ponds although they thrive in estuarine waters of salinity up to 30x10-3 . 
A number of investigations have been carried out on oxygen consumption in fishes 
under normal conditions (Beamish, 1964; Caulton, 1978; and Barton and Barton, 
1987). In present day aquaculture practices, ponds are subjected to various 
ectoparasiticidal and fungicidal treatments. The respiratory physiology offish living 
there is liable to be affected by each treatments. The fish are also more susceptible 
to different diseases in a confined environment. Various predisposing factors such as 
deteriorating environmental conditions, increasing incidence of contact due to over 
crowding and competition play a significant role. Considering this important aspect, 
an attempt has been made in the present investigation to assess the metabolism of 
Oreochro'mis mossambicus with special reference to oxygen consumption under 
different stress conditions. The results of the study are expected to help in assessing 
environmental suitability, optimum oxygen concentration required for survival of the 
fish and in estimating oxygen budget when the ponds are subjected to various 
treatments. 
MATERIALS AND METHODS 
Oreochrom1s mossambicus of varying size (6.1 to 21.9 em) and weighing between 
4.6 to 57.3 g were caught from a local pond at Dona Paula, Goa. The fish were 
acclimated for 15 days in two fibre glass tanks of 1000 litres capacity each. Separate 
groups of fish were used in individual experiments. The fish were not feed during the 
hours of study in order to avoid any variation in the respiratory metabolism. 
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The respiratory chambers used in this study were of a closed type and consisted 
of 5 litre plastic carboys. The water in the respiratory chambers was aerated prior to 
the experiments. Four litres of water was poured into each repiratory chamber through 
a 125 micron sieve to filter out dust particles. Healthy fishes of similar size were 
selected for the experiments. The fishes were transferred to the respiratory chambers 
after recording weight of each specimen. The water surface in each chamber was 
sealed properly with a thick layer of liquid paraffin. All experiments were conducted 
at a constant temperature of 27±1 °C. The dissolved oxygen (DO) was estimated 
following Winkler's method (Grasshoff et al., 1983) for each chamber at 0, 1, and 3 
hour of the experiment. Depletion in dissolved oxygen divided by number of hour 
was taken as index of the dissolved oxygen consumed by the fish h- 1. On dividing 
the value obtained with the weight of the fish, the dissolved oxygen consumed g" 1 of 
the fish h" 1 was calculated. Three replicates were used for each group of fishes and 
the data were tested statistically (ANOVA; P<0.05) to assess the effects of various 
parameters on oxygen consumption. 
In order to study effect of salinity on oxygen consumption, four salinity 
concentrations (0,10,20,30 ppt) were prepared by mixing seawater with freshwater. 
For each experiment three respiratory chambers were used. One of these served as 
the control group. 
Effect of pH was tested by adjusting the pH of the water at levels of 5,6,7,8 and 9 
by using IN HCl or IN NaOH. For each experiment two respiratory chambers were 
used. One of these served as control. 
Effect of size on oxygen consumption was checked by selecting fish of four 
different sizes (weighing between 5-58 g). Two fishes of similar size were used in 
each experiment. 
To study the effect of different levels of dissolved oxygen on fish metabolism, 
observations were made over a period of seven hours and eight samples were collected 
at one hour interval. 
Three concentrations of CuS04 (0.25, 0.5, I, and 2 ppm) were prepared from a 
stock solution of 2 ppt to study oxygen consumption by the fish ·at different 
concentrations of CuS04. 
Four concentrations of f~rmaldehyde (15,20,25 and 30 ppm) were prepared from 
full strength formaldehyde (40%) to study its effect on oxygen consumption. 
To estimate the oxygen consumption at different concentrations of malachite 
green, a stock solution of 0.2 ppt of malachite green was prepared. This stock 
solution was later used to achieve the test concentrations of 0.05, 0.075, 0.10, and 
0.20 ppm. 
RESULTS 
Oxygen consumption gradually increased with increase in salinity. Maximum 
oxygen consumption was recorded when the salinity was 30x10"3 and lowest in 
freshwater (Fig.lA). 
The oxygen consump!!0n also increased with increase in pH up to 7 but 
subsequently started falling with further mcrease in pH (Fig.IB). 
Thampi eta!.: Respiratory metabolism in Oreochromis mossambicus 11 
0.170 
0.2121 D 
,/1 0.160 0.150 0.150 0.140 I I-0.140 0.130 
2.0 2.5 3.5 4·.5 
D.O. (ppm) 
~ 0.130 ~E Salinity (1 o-) 0.120 
.;$ 0.100 
-
0.180 \ 0 ~ 0.170 0.080 ~ 8 0.160 0.060 I ~ 0.25 0.50 1 2 
I 0.150 CuS04(ppm) 
~ 0120[ 5 0.140 F I:IJJ 
~ 0.130 
"'1:11 5 6 7 8 9 
0.100 
q,) 
,.e; pH 0.080 Q 0.120 .. . ' ' ~ 15 20 25 30 Fonnaldehyde (pplll) 
0.100 0.240 
0.080 0.200 
0.060 O.loO 
0.040 0.120 
0.020 0.080 .. I 
10 20 30 40 50 0.050 0.075 0.10 0.15 0.20 
Weight oflish(g) Malachite green (ppm) 
Fig. I. Oxygen consumption of 0. mossambicus in response to; (A) salinity, (B) pH, 
(C) weight, (D) dissolved oxygen, (E) CuS04, (F) formaldehyde and (G) · 
malachite green. Vertical bars represent standard deviation. 
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The rate of oxygen consumption was significantly higher (P<0.05) in smaller 
fishes. It decreased with increase in weight of the fish. The value was minimum in 
fishes weighing 57.37 g or less (Fig.1C). Logto of mean specific rate of oxygen 
consumption was inversely proportional to logw of mean size of the fish. The 
regression coefficients were highly significant (P<0.05). 
Highest values of oxygen consumption were recorded when the oxygen in the 
environment was maximum (4.5ml 1"1) (Fig.lD). It decreased with decrease in the 
available oxygen. 
A gradual fall in consumption of oxygen was observed at higher concentrations of 
copper sulphate (Fig.lE). The higher the formaldehyde concentration in the medium, 
the greater was the rate of consumption (Fig.lF). A decrease in oxygen consumption 
was observed with increase in malachite green concentration up to 0.10 ppm (Fig.l G). 
DISCUSSION 
It is generally known that the assessment of effects of salinity on oxygen uptake 
is complicated by the fact that the oxygen saturation of water depends on salinity. The 
two bear an inverse relationship. Variations in salinity are usually accompanied by 
osmoregulatory adjustments. It is thus likely that the observed increase in oxygen 
consumption in 0. mossambicus at higher salinities is due to energy demands imposed 
by such adjustment. Increase in the respiratory rate with increase in salinity has been 
observed in young Atlantic menhaden(Hettler, 1976). However, Farmer and Beamish 
(1969) have reported low oxygen consumption in Til apia nilotica at higher salinities 
of up to 30 ppt, although the lowest consumption occurred at 11.2 ppt. These 
observations provide an indirect support for a relationship . between oxygen 
consumption and osmoregulation. 
Maximum oxygen absorption by 0. mossambicus occurred at pH 7. The gradient 
in the oxygen consumption rate was less between pH 7 and 8. A decrease in pH below 
7 has been shown to cause a decrease in the oxygen binding capacity of haemoglobin 
inS. niloticus (Verhenyen et al. 1985). This could be a reason in the present study 
where a net decrease in the oxygen consumption by 0. mossambicus was observed at 
low pH: Increase in pH above 8 is known to reduce oxygen consumption (Verhenyen 
et a/.1985). In the present study, increase in oxygen consumption up to pH 7 might 
be due to increase in swimming activity of the fish. 
A decrease in oxygen consumption with increase in weight was observed in 0. 
mossambicus. Beamish (1964) has demonstrated that the standard metabolic rate of 
brook trout, Salve linus fontinalis varies in proportion to weight. Brett (1965) and Rao 
(1968) have found that in salmonids the active metabolism is weight proportional. 
Accordingtothepresentobservations onO. mossambicusthe oxygenconsumption 
decreased with decline in the dissolved oxygen content. In rainbow trout, a reduction 
in oxygen level has been reported to cause an increase in breathing rate of fish 
(Holeton and Randal, 1967). Fry (1947) has clearly indicated that the active metabolic 
rate is severely restricted by progressively reducing the level of partial pressure of 
oxygen. 
In the present investigation, the concentrations of copper sulphate tested, were not 
found to be lethal for 0. mossambicus (see also Palmer, 1956). The observed decrease 
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in oxygen consumption by the fish might be associated with the reduced activity of 
the fish in response to increase in concentration of copper sulphate acting as an 
environmental stress. The experimental fish were, however, found healthy even after 
12 hours of the experiment. With increase in the concentration of formaldehyde the 
oxygen consumption also increased. Formaldehyde is known to cause irritation of the 
mucous membrane of the fish and leads to restlessness. This might have increased 
the metabolic rate resulting in an increase in oxygen consumption by the fish. 
Similarly, the rate of oxygen consumption has been found to be decreased at higher 
concentrations of malachite green. It might be due to the decreased activity of the 
fish which is considered to be the consequence of the decreased energy derivation in 
metabolism. 
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